HIGH TEMPERATURE DIE CASTING APPARATUS AND METHOD THEREFOR BACKGROUND 5This
disclosure relates to die casting and, more specifically, a die casting system that has the ability to operate
at high temperatures. In general, die casting is a process that includes moving molten metal into a die

cavity to form a desired shapgchegNAseRA Ypigally Betudas tiansppiting fhigsmolten metal into the die
cavity, holding the metal in the cavity for a period of time 10until the casting solidifies, removing the

casting from the die cavity, and trimmin@‘ M%Tiﬁ&%%?ﬁ&ﬁf% scrap. SUMMARY A disclosed high
temperature die casting system includes a die casting tool 15 that has dies that are adapted for forming a
component. Due to the nature of the process, R%Qigﬁeimgtool is operable to heat and maintain a
temperature of the dies above 500F/260C. At least a portion of the die casting tool that is exposed for
contact withdmolten dieltésstiecipsiiegideiiesatoubistraastitt aadrien@seifing!yn theisuersiae to protect

from the molten gligieasting mAteTRARN G BpRIaIASPREh gqmﬁrbgemperature die casting system includes
a die casting tool having a substrate and a barrier coating on the substrate. The barrier coating is a

¢ a D2 g | ! :
material selected from [Pa@FaRr Fif-REUBAIZE @ AFRGRRS, TANILTHTHRFAE, RAGEERELEHLR Ssilicon
carbide, silicon niteidavittariuloneatbtksisiticsinepey gEheapsodasaifrogarddwmtrinspoaitrdiezirconium
carbide, and Corpn%ﬁgﬁlorrrllgtgp?rwoo{he die cavity, holding the metathe cavity for a period of time
10 until the casting solidifies, removing the castirgm the die cavity, and trimming the

casting to remove any scrap.

SUMMARY
A disclosed high temperature die casting systettudtes a die casting tool

15 that has dies that are adapted for forming a compion Due to the nature of the
process, the die casting tool is operable to heéaaintain a temperature of the dies
above 500°F/260°C. At least a portion of the chsting tool that is exposed for
contact with molten die casting material has a tsates and barrier coating on the
substrate to protect from the molten die castintenme.

20 In another aspect, a high temperature die castiagem includes a die casting
tool having a substrate and a barrier coating erstibstrate. The barrier coating is a
material selected from partially or fully stabil&zirconia, titanium nitride, tungsten
carbide, silicon carbide, silicon nitride, titaniucarbide, silicon-oxygen-aluminum-
nitrogen, hafnium carbide, zirconium carbide, aathbinations thereof.

25 An exemplary method for a high temperature digtimgssystem includes
maintaining a die casting tool having dies thatadapted for forming a component at
a temperature above 500°F/260°C, and using a bawo#ing on at least a portion of
the die casting tool that is exposed for contadhwmolten die casting material to
protect the underlying substrate of the die castimy from contact with the molten

30 die casting material.



25 An exemplary method for a high temperature die casting system includes maintaining a die casting
tool having dies that are adapted for forming a component at a temperature above 500F1260C, and using
a barrier coating on at least a portion of the die casting tool that is exposed for contact with molten die

casting material to protect the upgggyineEsirstpatec| Be figcating/jqat fom contact with the molten
30die casting material._. BRIEF DESCRIPTION OF THE DRAWING The vario_is features and

S
advantages of the disclo¥ed 2R JRAUNAR R ALY ARBRH P MR LEUSRRIBAIE T R PR  Ehe following
detailed descriptippaidre doathibegs skiledctomhpaay thendetad| daoliidp siztption dandogtieflyTthescribed as

follows. SFigure ARG AR EAMALS i Gesin Sesiom Giaus 2dRiAR Aexample cie casting

tool having a barrier coating. ure 3 illustrates an _ e casting tool having a barrier
coating and@ bond co&ti9UCDETAIERTRSERIPEON GSNYEYSREFERRED EMBODIMENT  Figure

1 illustrates a die castipgygystemukg ncduginskarpusaile sientZbaing e datialibaghgie elements 14, 16

that function to cast a component 15. The component 15 could include aeronautical components, such as
a gas turbine engine b6 AKS GG HANIREh SUARA'E SHE GAUAT BRYISLBHPRVIHIECa M ents 14, 16
are 15 depicteddny Bigorel Lohtshould be understood that the die 12 could include more or fewer die
elements, as well as other parts and other configurations. The die 12 is assembled by positioning the
die elements 14, 16 together and holding the die elements 14, 16 at a desired position via a mechanism
18. The meldhanism L8-dd\lIdER:RIdECERERMPING I ddthariin[df AR ARy dvdeNE, 20 pneumatic,

electromechanical, angfpyaihericRibgyaligRs.dAmNeAanisD didig'stsrrpiaieR the digiglpments 14,
16 subsequent tg Cpallﬁpaﬂ% of die elements 14, 16 that function dast a component 15. The
component 15 could include aeronautical componesutsh as a gas turbine engine
blade or vane, or non-aeronautical componentsho@ijh two die elements 14, 16 are
15 depicted by Figure 1, it should be understood thatdie 12 could include more or
fewer die elements, as well as other parts and otirdigurations.

The die 12 is assembled by positioning the dienelgs 14, 16 together and
holding the die elements 14, 16 at a desired positia a mechanism 18. The
mechanism 18 could include a clamping mechanismambropriate hydraulic,

20 pneumatic, electromechanical, and/or other cordigoins. The mechanism 18 also
separates the die elements 14, 16 subsequenttitogcas

The die elements 14, 16 include internal surfélcascooperate to define a die
cavity 20. The die elements 14, 16 may additignaitlude one or more heating
elements 17 for heating and maintaining the didtge0 at a desired temperature

25 above 500°F/260°C. For instance, the heating alésmaay heat the die elements 14,
16 up to 500°F/260°C during initial start-up of ttie elements 14, 16, maintain the
desired temperature during operation of the dienelds 14, 16, and maintain the
desired temperature during thermal cycling as camapts are produced in the die
casting system 10. The heating elements 17 mayesistance heaters, induction

30 heaters, a recirculating thermal medium, such as$, not limited to hot oil, or
combinations of different kinds of heaters that@perable to heat the die cavity 20 to
the desired temperature and then maintain thateesyre (e.g., via non-application

of heat or in combination with a cooling elemenfjraditional casting dies are not
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The die elements 14, 16 include internal surfaces that cooperate to define a die cavity 20. The die
elements 14, 16 may additionally include one or more heating elements 17 for heating and maintaining
the die cavity 20 at a desired temperature 25 above 500F/260C. For instance, the heating elements may

heat the die elerpgiiindidty k& uip I PROEHEERIcally G RHEAL &lA b TS FiSRIEMeRESsdicky, maintain

the desired temperature during operation of the dijlelements 14, 16, and maintain the desired
temperature durlRg H’r\réﬂovfg?cﬂ B HOUEh fEReTRS G fﬁ?&iﬂ%ﬁ“ﬁ?@%@c@&ﬂﬂ%&% 98. The
heating elementslémenty be iesistarsadsatecs, tins tatipordiideedtais) aweenahka tiwdleensrat medium,

such as, but not Amlﬁe]g éﬂc!ﬁ%oc“e%a%ﬂﬁé?mg{é?(@? t8frgm?€$%&%ﬂ§tg[9f heaters that are operable to heat
e

the die cavity 20 to the desired temperature and then maintain that'temperature (e.g., via non-application
of heat or incombinatién 3hRh WkeAthi dredatFomaditisaiPoasith gl saieyndd venmmR el equipped to

SDECifica”Y heat thigcaving Q@C{Hat’ﬂ‘&)@@riafﬁﬁsQh@d@%@’ﬁ%ﬁf@%l@%@ﬂsm{ eAVingsppeess heat
from the die. The elevated temperature of die elements 14, 16 serves to reduce the temperature

differential betwddIPtRIUGREE &M &HESANGA BN iNGic R iRe Rt Ifa e Yedlee HRIYEEAeRKing. A
shot tube 24 is inefitzicted Brmiunjeatianpositidh €inlig e avidye itflaviavo g withhotlepsiitst Afbthad éxtend into the
die element 14, the die element 16 0r hoth t tube plunge is. recejved within_th ot tube 24 and
is moveable bet\%\i/t;ﬁégl%ggﬁénc%% aﬁ‘dS ﬁ%éc?i‘ig&%ﬂ%ngm%ﬁéhdgpéiﬂi'ﬁ%f%g%\}vgv E)‘%v. ?ﬁ\ fHk%eshot tube 24
by a mechdRismPBmoarshdft BheeRieshrniseinditpomd melsanmsmigassrmbly shethebsuitblenger 28. The

mechanism 30 cQuighiRClHEG Y Hauls anseenlly, pnethiratkigbifeeysistn ngingk BHERQt limited to,

pneumatic, electromechanical, hydraulic or any combination of systems. The shot tube 24 is
positioned to re PRI HfSIeMErial from a melting unit 32, such as a crucible, for example. The
melting unit 32 may utiifhe ahytkinbwr4lis iesinned torrewlirgaachinigebadrinetallic amatetiagto prepare
molten metal foruq](letligﬁr)%a% théa sang t(L:J.IB?e 2]4 rsux%h a?ewi tl})gifurWeég&:%JssEq”t%glow. l(nngm% example, the
charge of material i1s me e(Pinfc’o molten rﬂefial%y the' e tlng"{%l 0% A 10cansn that is separate from the
shot tube 2Wbandegienitieel 20HWEAGr, asthivoatetdng eiahitg uratksial arepesatenatikneaeigwiahin the scope

of this disclosurg;cfipere¥SRRISHR 1!y st 3% Wik e tanGd N3 hEdosH RIXERIh fthe die
casting system 10 to reduce the transfer distance of the char?ée of material between the melting unit 32

and the die castif§ §)&f8f AldnaterRldemaitedJniP B ol ¢ ARIREs Mt JatAlROGReasting system
10 include, but afeane lsepechte, ropkelbaskek Super 24ox6d colkaliibagedeusreraatieysnelintitanium alloys,

e SO0 SRR U 0 Bl MO g o
temperaturddmatoetisonayt B istiiesit toediénoaiative clnpenerityl’®. the discchiingisditoindlrt the term
"high melting tempgalufe MaHRHA! aiS4HEAdpthio dRSIYE L MRIREATRAING AdRRIYIMiemRgature of
the die casting system 10.
Materials used to die cast a component 15 withdieecasting system 10
include, but are not limited to, nickel-based suakwys, cobalt-based super alloys,
25 titanium alloys, high temperature aluminum allogspper-based alloys, iron alloys,
molybdenum, tungsten, niobium or other refractorgtats. This disclosure is not
limited to the disclosed alloys, and other high tingltemperature materials may be
utilized to die cast a component 15. As used is dsclosure, the term “high melting
temperature material” is intended to include matsraving a melting temperature of
30 approximately 1500°F/815°C and higher.
The charge of material is transferred from thetmglunit 32 to the die
casting system 10. For example, the charge of maht@ay be poured into a pour

hole 33 of the shot tube 24. A sufficient amouhbmlten metal is poured into the
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30 approximately 1500F/815C and higher. The charge of material is transferred from the melting unit
32 to the die casting system 10. For example, the charge of material may be poured into a pour hole 33 of
the shot tube 24. A sufficient amount of molten metal is poured into the shot tube to fill the die cavity 20.

The shot tube plyingianig8 te atttrieddeMigeote thagp ot paigaalundesduassyie frpsaithgshot tube 24
into the die cavitgv}gzo to cast the component 15. Although the casting of a single (ﬁ&g}fgonent is depicted,

the die casting sy%9F £6 'WERIH & RIRHGIFSTHE L8P MGRNE HRINSHERT!M GRY MG Although
not necessary fahalcorapemais; &bleadthayngirttbé thastigycaistingmsiemc caddpcpabitioaeliewithin a

vacuum chamber 36 )34 0gldis BRI RMIRE S5 AN BARIE A Uegesyyin chamber 34

via the vacuum sourc to render a vacuum die casting proces acuum chamber 34 provides a
non-reactivéenvironméthsiahegienesssagrsyiie @l 10aRitaed dt dsaatastion, the chditaasiingion or other

conditions that coudgb AeTEMEHalY pHSEbHWI AR af TheLHIS CRRSRSIRANABELR aBs@mentrapment or

the formation of oxides or nitrides within the die cast component that can occur from exposure to

atmospheric gasiECihthe/e¥aRHIB, ThAPPYEL UMIRR XA MM S TR MERe y2RUY BYSQUIRS BRtween
1x10-3 Torr andtdxEndeil anvadthonghieotizatipreprwessard soniaapatedr Baepaoticdpeessure of 15 the

vacuum chamber %?}ﬁ’\_glln\{%?}%ﬁ“ a eeil[ ppgn tttlr%tyg% of ﬁ%%w oen%% %Lr% %&U%}%

eing.c mong other
conditions and fag iMlustrated example, eac ing uni }atlﬁ%e%hgé%ﬁﬁgnm and the die

12 are positidneconteimnaonRLRIethansions4iairmoyith detiaaiisarigop tbecsdiycef thatdie melting,
injecting and solidjfyipgrahdherdiiah cReiinghieamplaiea BRIREabATR Ik RREUMAGI YR MaEUUM. 20 In

another example, the chamber 34 is backfilled with an inert gas, such as Argon, for example. The
example die castifgi§<tah SUMIBGU ARG SALSESHI EBRIGRIPLBNTRBRIH 976 %r tRWWBE sections,
parts and/or compangins. thiisabisotascharexéersis ito mbifaaine o fatisspastigwinaiu di1gBut oot limited to,

horizontal, inclined, qr yertjcal 25dje casting,systems and other die, casting configurations. At casting
temperaties thil a1 S50 A ol A S s LA R Sl checking
and thermalJatigbe vaiheuveeitasbeedhvdheanidesest tnghdhe sy ranperdburs b nieiak or metal

alloys that have meitingRAIRts1ARP e KON L3 1d Factdls rariditsipiEendREmisRAIigRAl ipateg unsuitable

30 for high temperature die casting. In this regard, as will be explained in more detail below, the die
casting system T06lHZe4d BArriBF &fﬁﬁﬁ%%ﬁaﬁ“ﬁd@%@'%%‘f@%ﬁ%ﬁ% Wisia 0 VREHY e effects of
the high temperathuembeelten digriggsting matessting probesstenmge i diiferenadsimptamen a molten
die casting matesriqj q\ Wg}lﬁq%f thendiee Ff%Sti{]%toorlei\ngr gan cause b eatr?ohrecky %29 rgducne1 tool life. In
the example, the %Ii'e'é'és%ng syspe"% 135 RERdEERRE Barrier coa‘ﬁng OR Atieasta p\érﬁgH of the tool
surfaces tha@ ardrexpoibed expouicathevithernbandiian ohelddistingmiagergds, such as Argon, for

example.

The example die casting system 10 of Figure llustiative only and could
include more or fewer sections, parts and/or corapts1 This disclosure extends to
all forms of die casting, including but not limitéaol, horizontal, inclined, or vertical

25 die casting systems and other die casting configurs

At casting temperatures that exceed 1500°F/81%&litional die casting
tools rapidly wear out from heat checking and tharfatigue. The wear is even more
evident at higher casting temperatures of metalmetal alloys that have melting
points above 2500°F/1371°C. The rapid wear renttaditional tooling unsuitable

30 for high temperature die casting. In this regas will be explained in more detall
below, the die casting system 10 utilizes a barcmating 40 that protects the die
casting system 10 from the effects of the high terajure molten die casting

material.



5 to alleviate heat checking or other influences of the high temperature die casting material. In general,
any of the components of the die casting system 10 that has a surface that contacts the molten metal is
considered to be a die casting tool or component. As an example, the surfaces of the die cavity 20, shot

tube 24, shot tube plunggih38nipelinIc i énRa QI3 AR IBBNHIONE H KEHafamMmaxinclude the
10barrier coatin%40. _ Fi%gre_ 2 illustrates a selectec?lgortir%réla of one sgjch area ﬁhat includes the barrier
[iA0g e | |

coating 40 on a 4RSI SRS RYSR JICRT (Hs esiath KR8 UGt B9 rilP codtind%io is
deposited directiyxanipl¢h¢hsutiacasiirieysubstriraentl dese st atvatang 2 nary didemsy S pivaide material for

the given compopag, (55,0, GAPIEESUSHAIR A5 42 g e A SHAPIALOY S A gickel andior

cobalt alloy. Itis to be understood, however, that the e substrate not limited to any
particular cdmpdsitRiie \dake diraborgikagy ekinthethafirenissiixbdigbldempetdyrezdisupaBiadmaterials to

meet their particy|gfeRgedsn TRAGAITERFEORIAG doipbRestpamal RaripsRaBNeen hamaley die casting
20 material and the underlying substrate 42. In that regard, the material of the barrier coating 40 has a

relatively high thefHRIGdERtaUAES RSO risr coRBHERBMmAy A SasUPS i lerial, such as
an oxide, a nitrideyrapemidnite A3 zincexamplatehials arfaadslofichewieyiaDpskombireaponshittendnf. The oxide
may be a combingion, ob seyerl difgipaboxeles, icluding gt gast 2% pne xideand g Llance
comprising a first oxide. THe st oxide may be selectad from group 80n3|st|n§/ of zirconia, ceria, and
hafnia. Thel@t lebatrigiceXitng Ay have a formula A 20 3, where A is selected from the group consisting

of La, Pr, Nd, Sm, Eu, 1R, Shu¥rR¥s HodretdBpdhok bf dnthardaipathrigatd beaaiRide may be a

refractory metal carbide, such as a carbide of tungsten, 30 niobium, tantalum, rhenium, or molybdenum.
Additional carbicfé)ﬂqaﬂaﬁglgri‘nﬁlﬁlé%ﬂé%flﬁté?ﬁi"&rﬂ')’ﬁﬁfﬂiﬁrﬁ?ﬁ%ﬂ&ﬁh‘,‘%?mﬁ\a{ﬂ&ﬁqﬁéfeof. In some
examples, the bauigngorikgiéPdsire palitiedyy arivlithstabifutai ez s cbstatdieniumhe isidetratkicon nitride, a

silicon-aluminumeoxy AR GHAN RN A YO e, AMIBHIBANKESh example, the substrate
15 42 may be a superalloy, such as a nickel and/ocaltalioy. It is to be understood,
however, that the material of the substrate 42 a$ Imited to any particular
composition and one of ordinary skill in the artule be able to recognize suitable
materials to meet their particular needs.
The barrier coating 40 forms a thermal barrieieenn the molten die casting
20 material and the underlying substrate 42. In thghrd, the material of the barrier
coating 40 has a relatively high thermal resistanEer instance, the barrier coating
40 may be a ceramic material, such as an oxideir@en a carbide, a zirconia
material, a gadolinia material or combinations ¢loér
The oxide may be a combination of several diffemades, including at least
25 one oxide and the balance comprising a first oXidee first oxide may be selected
from the group consisting of zirconia, ceria, ardnia. The at least one oxide may
have a formula A 20 3, where A is selected fromgrmup consisting of La, Pr, Nd,
Sm, Eu, Th, In, Sc, Y, Dy, Ho, Er, Tm, Yb, Lu, amitures thereof.
The carbide may be a refractory metal carbideh sisca carbide of tungsten,
30 niobium, tantalum, rhenium, or molybdenum. Additbrcarbide materials inclue
silicon, titanium, hafnium, zirconium, or combirais thereof. In some examples, the
barrier coating 40 is a partially or fully stabéd zirconia, titanium nitride, silicon

nitride, a silicon-aluminum-oxy-nitride (SIAION),olbon nitride, aluminum nitride,
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alumina (e.g., alpha-alumina), or any combination thereof In embodiments, the barrier coating 40 is
gadolinia and zirconia and may include 5-50 mol% gadolinia. The gadolinia and zirconia may include
fluorite and a pyrochlore structure. Alternatively, or in addition to any other materials for the barrier

coating 40, 5 thgibaiHg" @gling AhrarRyieasr BraxrpchiiromBtriatiercomting ddumipaialligeoating may
be a platinum group. metal, such as ruthenium, rhod_ium,,%a%?gum osmium, iridium, an |ﬁlatinum. In
|

other embodimeN ehe ARIPHI S S BRGNP 0D AFGRL Y e R anic?. IR % dR4 IS may consist
essentially of upThelgadtiinizodadt zbe dridanttdyahodundi fryofite- EBowtdoraduenstutufe 1-1.0 wt% yttrium, up to

0.06 wi%% 10 hafhium. g, 0,3 %% SHiE a0 A0SR MaHRE SHEYIHRORIGI A G g% thenium,

up to 10 wt% molybdenum, and & balance ot nickel and any impurities. igure 3 rates another
example compofthbeiHE IS ORtiNErdd haydxripraygHbande Fifgiategcdhehaetticenaprment

additionally includgs adendiseatiddiaiomitisatesam daemasrRenaionJaisdalsh hetyeen the material

of the substrate 42 15 and the material of the barrier coating 40. For instance, the material of the bond

coat 44 may be M&VRy20h8RIHEM S AEESMR9diRe ¥se BEIAlicFaIBLIMRY P R L Fbination
thereof, Cr is chetiwyuForAhssaalcen themicketaYiog writyuconsitan@ivety , b edith disoatobdlmay be
gamma-gamma prime nickel alloy ox a nickelshased superalloy, The gamma-ga rime, nickel alloy
may generally hg)ée\’\fa%é]ogrﬁ?%@gt%c u%reri?o\r'#p)%iséﬁnugmﬁri]éﬁﬁl ?J%'gtéévi%g@ Ses fﬁ@(ang%l c/ﬁspersed
throughoutlfie ni@teiumetad. Otk otk Ishwa sap@ltipyihasviadriiasieceorhfowition of 22 wt.%

cobalt, 17 wt.% cheamitMiplié- 20Nk AR, Gkd: Xaodisittai ok %ngilicarifes>wt. % hafnium,

and a balance of nickel and any impurities. 25Although a combination of features is shown in the
illustrated examples, nEtEIOAHES RESIABARCESYHIRIG FTRAnRItHBayBRAIL B8 51BT Embodiments
of this disclosurghlowetheFigards exsepieiadesigreapaceordiagito mtlatusoa inedtabbiusg diselosure will

not necessarily inglude.all of the.eattces shaun in anyne, of e Figkes of gllol e podigns
schematically shown in'thé Figures. Moreover, selecte eatures of one example embodiment may be
combined With salsttbel feateiiakaditoenerregacisitnaibodiatance, theThateriietetithg besdrijedn is

exemplary rathep shan imiREiARa R Y I HRNS AR B difirafiewh ndha dseiaesbrxamples may
become apparent to those _ ) _ _ _ _
combination thereof, Cr is chromium, Al is aluminumand Y is yttrium.
Alternatively, the bond coat 44 may be gamma-gamnmae nickel alloy or a nickel-
based superalloy. The gamma-gamma prime nickel athay generally have a

20 microstructure comprising nickel metal with phaseg Ni3(AITi) dispersed
throughout the nickel metal. One example nickeddoasuperalloy has a nominal
composition of 22 wt.% cobalt, 17 wt.% chromium,5L#t.% aluminum, 0.6 wt.%
yttrium, 0.4 wt.% silicon, 0.25wt.% hafnium, andbalance of nickel and any
impurities.

25 Although a combination of features is shown in ilhestrated examples, not
all of them need to be combined to realize the fsnaf various embodiments of this
disclosure. In other words, a system designedrdoup to an embodiment of this
disclosure will not necessarily include all of tfeatures shown in any one of the
Figures or all of the portions schematically shawithe Figures. Moreover, selected

30 features of one example embodiment may be combiithdselected features of other
example embodiments.

The preceding description is exemplary rather thiamting in nature.

Variations and modifications to the disclosed exim®mpnay become apparent to those
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skilled in the art that do not necessarily depart from the essence of this disclosure. The scope of legal
protection given to this disclosure can only be determined by studying the following claims. CLAIMS 1. A
high temperature die casting system comprising: a die casting tool having dies adapted for forming a

component and §gijfg IrepRr Ataiahes N EeaLYAIN AIEIRRATAIHreREHIR dicsaParee8f/260C,

wherein at least a portion of the die casting tool that is exposed for contact with molten die casting
material comprisE&aS9hsuatd BE&W&H%&QM@%W% SHMET528 FhE Ry REHPLISRUPY die casting
system as recitestundtajnhé fovloaie dlaénibarrier coating is alumina. 3. The high temperature die
casting system as recited in claim 1, wherein the barrier coating is silicon nitride. 154.The high
temperature die casting system as recited in claim 1, wherein the barrier coating is a refractory metal
carbide. 5.The high temperature die casting system as recited in claim 4, wherein the refractory metal
carbide is hafnium carbide.



20 6. The high temperature die casting system as recited in claim 4, wherein the refractory metal carbide
is zirconium carbide. 7. The high temperature die casting system as recited in claim 4, wherein the 25
refractory metal carbide is selected from a group consisting of titanium carbide, tungsten carbide, niobium
carbide, tantalum carbide, rheniumcarbide, molykgequnsarbide, siliconcarbide and combinations thereof.
8. The high temperature die casting system as recited in claim 1, wherein the 30barrier coating is
silicon-aluminum-oxy-nitride (SIAION). 9.The high temperature die casting system as recited in claim 1,
wherein the barrier coatihiylssaigutedt droniia grstiny ayssasticgroplisingn nitrideand aluminum nitride.

510.The high temperat(jilrii ‘g; g%ﬁ]ﬁg]938},/%5.\%%5(1{8&“5&@%&@ }omaggam[%ﬁe%rgﬁ&cqoe%awg is selected

from a group consisting o zirconia, partially or'fully stabilizedzirconia material, ard mixtures
thereof. 11.Phe RRfTabIApeAgatctik Masiial) sy sesmmeigtueieit® ehare BONErRaR theMTifrier coating

comprises at leagf RgtXIF6 6K dherRaAe ¢ SIHPROBING & 5SS eYId6: SRIRERAHPMibItaralP consisting

of zirconia, ceria, and hafnia,the at least one oxide hayingl a formula A20 3 where A is selected from a

group consistingC 8P PIRIRIAISAMBNISERf RYPSEale H\ Rapsinoran 18 SLASUAE mixtures thereof

2. The high temperature die casting system as reditezlaim 1, wherein the

10 barrier coating is alumina.

3. The high temperature die casting system as reditezdlaim 1, wherein the

barrier coating is silicon nitride.

15 4. The high temperature die casting system as reditezlaim 1, wherein the

barrier coating is a refractory metal carbide.

5. The high temperature die casting system as reaitedaim 4, wherein the
refractory metal carbide is hafnium carbide.

20
6. The high temperature die casting system as reaitedaim 4, wherein the

refractory metal carbide is zirconium carbide.

7. The high temperature die casting system as reditezlaim 4, wherein the
25 refractory metal carbide is selected from a groopscsting of titanium carbide,
tungsten carbide, niobium carbide, tantalum carbideheniumcarbide,

molybdenumcarbide, siliconcarbide and combinatibeseof.

8. The high temperature die casting system as reditezdlaim 1, wherein the

30 barrier coating is silicon-aluminum-oxy-nitride ABDN).



1512.The high temperature die casting system as recited in claim 1, wherein the barrier coating includes
a metallic coating selected from a group consisting of ruthenium, rhodium, palladium, osmium, iridium,
platinum and combinations thereof. 13.The high temperature die casting system as recited in claim 1,

wherein the 20 barrier ¢natingrstanmierah#Boyie QRaitHp S siepmtially iRt 1D Wit b ale 5-18 wt%
chromium, 7.5-12 wt% aluminum, 0.1-1.0 wt% yttrium, up to 0.06 wt% hafnium, up to 0.3 wt% silicon,
3-10 wi% tantal RIS PEUIHSTHGSE ,figé“mﬁoxé?%‘é%iﬁﬂﬂsﬂﬁi"?@fé%t%tﬁ%i}ﬂ eMUM!"ANY a balance of
nickel and any iminigtgies. 2514.The high temperature die casting system as recited in claim 1, further
comprising a bond coat between the substrate and the barrier coating, and the bond coat is a material
selected from a group consisting of MCrAlY, gamma-gamma prime nickel alloy, nickel-based superalloy,

and combin&tionttherdbe30i06. TRTaRREH e Hieraastingisystetihgsyetdmdavdeitwbaretlaing 1, wherein

the substrate is g sHReRINRIER crelBironNigly ISBRSSALNE GIRIEASIN T RYSIRN sampRsiro:  adie
casting tool including a substrate and barrier coating on the substrate, wherein the barrier coating is a

material selectedPoriaRYr6d 7 EEHER MDA BIUARAC L bilized zirconia, titanium nitride, tungsten

carbide, silicon carbide, silicon 5nitride, titanium carbide, silicon-aluminum oxy nitride (SIAION), hafnium
carbide, zirconium_carqjﬁig ’hﬁ‘{;}ﬁ’ Feonmptgpa%ﬂpen%ligl%ﬁ%?fhg system as reditedlaim 1, wherein the
10 barrier coating comprises at least one oxide aadottlance comprising a first oxide
selected from the group consisting of zirconiajegceand hafnia,the at least one oxide
having a formula AO ; where A is selected from a group consisting of Pg, Nd,
Sm, Eu, Th, In, Sc, Y, Dy, Ho, Er, Tm, Yb, Lu, amitures thereof.

15 12. The high temperature die casting system as reditedlaim 1, wherein the
barrier coating includes a metallic coating sel@écfeom a group consisting of

ruthenium, rhodium, palladium, osmium, iridium, fogim and combinations thereof.

13. The high temperature die casting system as reditedlaim 1, wherein the
20 barrier coating is a nickel alloy consisting esdiyt of up to 15 wt% cobalt, 5-18
wt% chromium, 7.5-12 wt% aluminum, 0.1-1.0 wt% iyitn, up to 0.06 wt%
hafnium, up to 0.3 wt% silicon, 3-10 wt% tantaluap, to 5 wt% tungsten, 1-6 wt%

rhenium, up to 10 wt% molybdenum, and a balanaggaiel and any impurities.

25 14. The high temperature die casting system as reditedlaim 1, further
comprising a bond coat between the substrate andbdlrier coating, and the bond
coat is a material selected from a group consisifnfg CrAlY, gamma-gamma prime

nickel alloy, nickel-based superalloy, and combhore thereof.

30 15. The high temperature die casting system as redaitedlaim 1, wherein the

substrate is a superalloy material.



17. The high temperature die casting system as recited in claim 16, wherein the barrier coating is a
partially or fully stabilized zirconia. 10 18. The high temperature die casting system as recited in claim 16,
wherein the barrier coating is silicon-aluminum-oxy-nitride (SIAION). 19. The high temperature die

casting system q%recim%,@hq@mé@tdy@g@i@ag}ﬁ]égpgtré}ﬁrmmﬂg hafnium carbide. 20. The high
temperature die castln tem as recited in claim 16, wherein the barrier coatin |s Z|rcon|um carbide. 20

21.A method for a hig p%?ﬁﬂ'ﬁ% SaH ﬁ‘gﬁtﬁw?s [RIGRAARPESHIIL Y e SHRFHEIRing a die
casting tool havinetiea &mpa&ddoctﬁalmgwg a coangtrl evel efitechesngrergiwenalztvig bOPREEGC; and

using a barrier <Qp{ig an.grieapt paRLoNaf i e astadeakialls Sipgsed fggcogiagtivith motten

die casting material tg protect an underlying subst Ie casting tool from the molten die
casting matérial hitride, titanium carbide, silicon-aluminum oxy mite (SIAION), hafnium carbide,

zirconium carbide, and combinations thereof.

17.  The high temperature die casting system as reaitedaim 16, wherein the
barrier coating is a partially or fully stabilizedconia.

10
18. The high temperature die casting system as reaitedaim 16, wherein the

barrier coating is silicon-aluminum-oxy-nitride ABDN).

19. The high temperature die casting system as reaitedaim 16, wherein the

15 barrier coating is hafnium carbide.

20. The high temperature die casting system as redaitedaim 16, wherein the

barrier coating is zirconium carbide.

20 21. A method for a high temperature die casting systammethod comprising:
maintaining a die casting tool having dies adaptedorming a component at
a temperature above 500°F/260°C; and
using a barrier coating on at least a portionhaf tlie casting tool that is
exposed for contact with molten die casting maltéoigrotect an underlying substrate

25 of the die casting tool from the molten die castmaterial.

10



